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DNA Repair Response in Human Epidermal Keratinocytes from Donors 
of Different Age 
SU-CHIN C. Lm, PH.D., C. SHERRY PARSONS, B.s., AND PHILIP C. HANAWALT, PH.D. 
Department of Dermatology, Stanford University School of Medicine, Stanford, and In.ternation.al Psoriasis Research Foundation, Palo 
Alto, California, U.S.A. 
We have compared the excIsIOn-repair and growth 
properties of epidermal keratinocytes from humans of 
different ages. Keratinocytes isolated from newborn and 
adult abdominal skin at autopsy were cultured on col-
lagen gels. Repair replication was assayed by the 
5-bromodeoxyuridine density-labeling method following 
ultraviolet (UV) irradiation (254 run) of the cultures. 
The keratinocytes from newborn donors proliferated 
more rapidly and attained a higher concentration at 
confluence than did those from aged donors. Semi con-
servative DNA replication was inhibited by UV radiation 
to an equal extent in cell cultures from newborns and 
adults. After a UV dose of 13 J/m2, the time course of 
DNA repair was similar for the respective cultures. Fur-
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thermore, there were no significant differences in the 
time course of repair for keratinocytes in the prolifera-
tive or the plateau phase of growth. The dose-response 
curves for repair replication in cells from both young 
and old donors maximized at about 50 J 1m2 but the 
attenuation in repair at higher doses appeared some-
what greater in cells from older donors. 
We conclude that no significant age-related differences 
exist in the rate and extent of the repair-replication 
response of human epidermal keratinocytes to UV -radia-
tion damage in DNA. However, it remains to be deter-
mined whether other cellular recovery responses to 
damaged DNA are also relatively unrelated to age. 
One of the prominent models for aging has attr ibuted that 
process to an accumulation of umepaired damage in DNA and 
its subsequent manifestation at the physiologic level [1,2]. Since 
the report of an intrinsic limitation of growth of diploid somatic 
cells in culture and the reproducible patterns of cell senescence 
[3], WI-38 human diploid fibroblasts have served as an in vitro 
model for the study of cellular aging. Comparisons have been 
made of the capacity for repair replication in DNA from young 
cells (early passage) and old cells (late passage) following ultra-
violet (UV) irradiation [4-6]. Hart and Setlow [4] reported that 
late-passage WI-38 cells exhibit reduced levels of unscheduled 
DNA synthesis (a meaSUl'e of DNA repair) after UV irradiation, 
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while Painter, ClaJ'kson, and Young [5) did not note any de-
crease in r epair replication until the last passage. In a similar 
study, Smith and Hanawalt [6) obtained little correlation of 
repair replication with passage number in cultured WI-38 cells. 
Excision-repail' deficiency may not be the basis therefore for 
the phenomenon of cell senesence in WI-38 cells. 
A decrease in growth potential in cultW'ed human skin fibro-
blasts obtained from donors of different age has been reported 
(7-10). A decrease in the number of passages and a shorter life 
span for cultW'ed human epidermal kel'atinocytes originating 
from older donors compaJ'ed to those from foreskins of newborn 
babies has also been shown [11). Attenuation in DNA repair 
capacity with successive passages has been shown for mouse 
embryo fibroblasts in culture [12) and this may reflect a change 
in the nature of various repair systems for DNA damage as the 
organism develops or ages. 
Kligman [13] has suggested that aging of the skin may be 
due almost entu'ely to the injW'y caused by exposure to UV 
radiation because changes with senescen ce are much more 
pronounced in sun-exposed areas of skin than in covered aJ·eas. 
Furthermore, Gilchrest [14] has reported t hat keratinocytes 
derived from protected skin have a greater in vitro lifespan 
t h an do those from sun-exposed aJ·eas. Thus, it is possible that 
accumulated damage due to UV uTadiation may, in fact, en-
hance cellular senesence. 
We have taken advantage of our extensive experience in the 
culturing of human epidermal keJ'atinocytes [15-18] and in the 
quantitative determination of repair replication [6,19,20] to 
und elta ke a careful comparison of the DNA repair response to 
UV inadiation and cell growth profile for keratinocytes from 
young and old individuals. The results provide a critical test of 
the possible relationship between DNA repau' of UV-radiation 
damage to DNA in cultul'ed keratinocytes from illfant and aged 
donors. OW' previous studies [20] a nd those of Taichman and 
Setlow [21) have shown that the excision-repau' properties of 
cul tUl'ed human epidermal keratinocytes are quite silnilar to 
those of the more thoroughly studied fibroblast systems. 
MATERIALS AND METHODS 
Chemicals a.nd Growth Media. 
Sources for culture media, sera, antibiotics, mycostatin, cu ltUl'e 
dishes, etc. are listed elsewhere [15-17]. Acid-soluble coHagen, Type III 
from calf skin, was purchased from Sigma Co. ["H]-thymidine (50 Cil 
mM) and ["'C]-thymidine (40.8 mCi/mM) were obtained from New 
England Nuclear Co. Matej'ia ls ut ilized in DNA repair replication 
experiments are described by Smith et al [19]. 
Cell Culture 
Human abdominal skin obtained from the site of incision at autopsy 
was used as source for epidermal keratinocytes. T echniques for isola-
t ion, plating, and cultivation of the cells have been described in deta il 
[1 5-16]. Only a few modifications in culture procedures have been made 
in the present. investigation. Instead of using collagen gel extracted and 
puril'ied from I'Hbbit. skin for coating t he culture dishes ([8], we have 
used commercially available acid-soluble calf skin collagen (Sigma Co.). 
T he resulting collagen solu tion is less viscous, and the cul ture dish is 
clearer so that the cells can be observed easily. The calf skin collagen 
supports cell growth as well as does the collagen prepared from rabbit 
skin. T he lyoph ilized collagen was dissolved in 0.001 M sterile acetic 
acid, 4 mg/ ml, by stirring the solution overnight at -1 °C. The solu tion 
was cent.rifuged for 2 hI' at. 20,000 rpm in a Beckman J 2-21 centrifuge 
at 4°C using ste rile 50-ml polypropylene tubes. The supernatant solu-
t ion was colleded, tested for sterili ty, stored at 4°C, and then diluted 
to 2 mg/ ml with sterile 0.001 M acetic acid before use. 
Du lbecco's modiiled minimum essential medium (MEM) suppJe-
men ted with 10% fet.al calf serum containing mycostatin (20 V/ ml) and 
gentamicin (50/-lg/ml) was used for cultivation of keratinocytes. SOllle 
batches of calf serum did not support. cell growth, while feta l calf serum 
was routinely reliable. 
Viabili ty of keratinocytes wa det.ermined from skin stored up to 7 
days after autopsy. The skin was cut into approximately 1 x 4 cm 
pieces after removal of the underlying fat. These were then sliced with 
a Castroviejo keratotome set at 0.1 mm and soaked in Hanks' balance 
salt solu tion (BSS) containing 400 V/ ml penicilin, 200 Atg/ ml strcpto-
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mycin, and 50 V/ mlmycostatin fo r [ hI' at 4°C. The slices were placed 
in a Petri dish cont.aining just. enough BSS to moisten the specimen 
and then stored at 4°C. Cells from 1 piece of skin were isolated each 
day and plated according to previously describer! t.echniques (15]. 
De/ennina/ion of Cell GrOlilfh 
Cell growth was assayed by direct cell count and DNA determination. 
After removal of mediulll cont aining unattached cells, the cells I'emain-
ing on t.he culture dishes were removed by trypsination (0.3% t.rypsin, 
1..0% EDTA in Mg++- and Ca++-free PBS, pH 7.3) /'01' 10 min at 37°C 
and made in to a single cell suspension by gentle agitation with a Pasteur 
pipet. The total number of cells and fraction of the basal cells (trans-
lucent., small) were det.ermined in duplicate in a hemocytometer under 
phase contrast. DNA determinations, also in duplicate, were made 
utilizing the method of Leyva and Kelley [22]. 
M easurement of DNA R epair and Sell/.iconserva/we Replication 
DNA repair rep lication was assayed by t.he density-labeling method 
as detailed by Smith et al [19]. Keratinocytes from donors of different 
age were incubated in medium containing ["C]-thymidine (0.05 /-ICi/ 
ml, 40.8 mCi/mM) from day 1 after seeding until ready for UV irradia-
t.ion. The medium containing ['·C]-thymidine was changed every 3-4 
days. At the time of VV irradiation, the rad ioactive medium was 
removed and the cells were preincubated for 2 hr in medium containing 
10/o!M bromodeoxyuridine, 1 AtM Ouorodeoxyuridine. The cultures were 
irradiated between days 8-14 after seeding during the proliferative 
phase or after day 25 during the decay phase. Ultraviolet doses of 5-
200 J / m2 from a 15-W germicidal VV lamp were administered to the 
cells on the uncovered plates after washing with PB . Fresh mediuID 
containing 10 /-1M bromodeoxyuridine, 1 /-1M fluol'odeoxyuridine, ("H]-
thymidine (5 /-ICi/ml, 60 Ci/mM) was added to the dishes and cells were 
incubated 2-24 hr. The cells were washed with PBS and harvested by 
incubation with trypsin solution (0.3% trypsin, 1% EDTA in Ca++- and 
Mg++-free PBS, pH 7.3) for 10 min at 37°C. Cells f1'om 3 dishes (about 
3 X 10") were pooled, peLleted by centrifugation at 1000 X g for 1 min, 
and washed with PBS. The peUets were resuspended in 1 ml of 1 mM 
EDTA, 10 mM Tris, pH 8.0, and an equal volume of 1.0% SDS was 
added to lyse the cells. T he lysate was incubated at 37°C overnight 
with 100 /-Ig/ ml proteinase 1<. The DNA in the lysate was sheared to a 
molecular weight of about 107 by 4 passages through a 25-gauge needle 
fitted on a 3.0-ml syringe, centrifuged to equilibrium in a neutral 1.72 
g/ ml CsCI solution, and the collected fractions were assayed for radio-
activity. The amount of "R-label in the heavy-density region, between 
fractions 10-18 (Fig 1), represents the amount of semiconservative 
DNA replication. The fTactions containing the unreplicated pal'ental-
density DNA were rebanded in an alkaline CsCI equilibrium density 
gradient to further resolve repair-synthesized DNA from the semicon-
servatively replicated DNA. The gradients were again fractionated and 
assayed for radioactivity and the ratio of "H repair label to the 14C 
prelabel in the parental-density region of the gradient provided a 
normalized measure of repair. 
GROWTH PROFILE 
Growth Curve 
RESULTS 
Typical growth curves for kel'atinocytes isolated from new-
born and adult skin are shown in Fig 2. Growth was determined 
by di.rect cell count and by DNA content. Although the seeding 
density of the keratinocytes from newborn skin was only half 
that of adult skin (5x 105/ dish for the newborn, 10 X 10" / dish 
for adult) and the plating efficiencies were about the same 
(> 70%), the keratinocytes from newbom skin proliferated at a 
much greater rate than did those from adult skin . The cell 
number increases in 24 hI' were 6.7 x 1Q5/dish for cells from 
infant skin and 2.6 X 105/ dish for cells from adult skin at the 
peak proliferative stage. An 8-fold increase in cell number of 
keratinocytes from newborn skin and a 2.9-fold increase in 
those from a dult skin were obtained between plating and peak 
cell number. 
In the confluent cultlU'es of kel'atinocytes from newborn skin, 
t he cells appeal'ed to be more compact; thus t h e maximum 
number of cells pel' dish attained 4.4 million, while it was 
limited to about 3 million for the cultures of keratinocytes from 
adult skin. For both cases the cell number began to drop after 
reaching the peak. DNA content paralleled cell number; thus 
332 LIU, PARSONS, AND HANAWALT 
30 NEUTR AL BANDING 
25 OJ/m2 
20 
IS 
10 
~ 10 ALK ALINE REBAND 
o J/m 2 
" n 
n 
"' 
" 
(5 
~ "" r.A:cLKccA:-:-L":7,N"'E--:R::-::E"'B7.AN"'D:----:-------,so ;. 
8 ~ 40 150 J/m2 40 I 
" 
'0 
20 
10 10 
o 10 I ~ 
FRA~TtON ",UNSER 
FIG 1. Radioactivity profiles from a repair replication experiment 
with cultured human keratinocytes from infant skin. The DNA of the 
cultures in proliferative phase was prelabeled with [,4C)-thymidine 
(0 ) for 10 days prior to UV irradiation (150 J /m2). ("H)-thymidine (e) 
labeLing in the presence of 5-bromodeoxyuridine was for 24 hr after 
irradiation before banding of celllysates in neutral CsCl (upper frames). 
The fractions indicated by the bars in upper frames were pooled and 
rebanded in alkaline CsCI gradients (lower fram es). The bottom of the 
gradient is at the left of the figure (fraction 1). 
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FIG 2. Growth curves of human keratinocytes isolated. from adult 
and infant skin . Growth was determined by direct cell count (A) and 
DNA content (B). Keratinocytes were seeded on collagen-coated 
dishes, maintained with Dulbecco's MEM supplemented with 10% fetal 
calf serum at 37°C in 5% CO2 atmosphere. 
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DNA content per cell remained relatively constant throughout 
the incubation period for both types of cells (Fig 2B). 
Growth us. Plating Density 
The plating density has a great influence on the growth 
characteristics of keratinocytes. Keratinocytes fail to grow into 
confluence when the plates are not seeded with an adequate 
density of cells. In general, a rapidly growing population re-
quires a lower plating density in order to reach confluence. 
When keratinocytes were plated at 5 X lOG/dish, little growth 
was observed in cells isolated from adult skin; however, an 
8.8-fold increase in cell number was obtained in cultures derived 
from newborn skin when initiated at this seeding density (Table 
I) . 
Effect of Shin Storage Period on Keratinocyte Growth 
To compare the viability of basal cells from skin obtained 
from donors of different age, keratinocytes were isolated from 
keratotomed skin pieces kept at 4°C for up to 7 days after 
autopsy. The yield of cells from roughly the same sized piece of 
skin was similar for skin obtained from young and old donors, 
and the percent of basal cells (translucent cells under phase 
contrast) was 50-60% during the 7-day storage period. The 
culture dishes were seeded with basal cells at 10 X lOG/dish 
from adult skin and 5 X lOG/dish from infant skin. The cultures 
initiated with skin from 3 different age groups all grew into 
confluence (Table Il), indicating that the basal cells were viable 
up to 7 days after autopsy in skin from donors of any age. 
DNA REPLICATION AND REPAIR 
Using the 5-bromodeoxyuridine (BrUdR) density labeling 
and eH]-thymidine incorporation approach, semiconserva-
tively synthesized DNA can be readily separated from repair-
synthesized DNA by equilibrium sedimentation in CsCI gra-
dients. Fig 1 shows the radioactivity profiles fTom a repair-
replication experiment with keratinocytes fl:om infant skin re-
ceiving 150 J/m2 UV irradiation. Semiconservatively synthe-
sized DNA, bifilarly labeled with BrUdR, sediments infl'actions 
10-18, while repair-replicated DNA, representing short patches 
of BrUdR in parental strands, appears in fractions 22-28. The 
fractions indicated by the bars in the upper frames were pooled 
and rebanded in alkaline CsCl g:radient (lower frames) to further 
resolve repair-synthesized DNA from semiconservatively rep-
licated DNA. 
Semiconseruatiue DNA Replication 
Irradiation with UV (254 nm) markedly suppresses normal 
semiconservative DNA replication in keratinocytes even at a 
TABLE 1. Plating density effect on growth of heratinocytes from. 
adult and infant shin 
Plating 
Age densil~ Degree Cells/dish" Population (x 10-' / of confluence" (x 10- ") increaser 
dish) 
Adult 150 100% 308 ± 10 2.0 
(60 years 100 100% 300 ± 20 3.0 
average) 80 90% 284 ± 40 3.5 
50 50% 80 ± 20 1.6 
Infa.nt 50 100% 442 ± 22 8.8 
(newborn) 30 75% 322 ± 34 10.7 
20 50% 132 ± 22 6.6 
10 25% 10 ± 4 0 
" Estimated optically by the percentage of plate surface covered by 
cells on day 14 after plating. 
'~ Fourteen days after plating, keratinocytes were removed from the 
culture dishes, dispersed into single cell suspensions, and the cell 
numbers were determined on a hemocytometer. 
,. The population increase is the cells/dish divided by the plating 
density. 
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TABLE II. Effect of s f/in storage p eriod on growth of heratinocytes from donors of different ages 
Age of donor" 
Days ufLer In fa nt 40 Years 70 Years 
autopsy" 
Cell #/ dish" Population Cell # / dish 
increased 
Population Cell # / dish Population 
(X 10- ') (X 10- ') mcrease (X 10- ') increase 
1 268 ± 50 5.4 200 ± 20 2.0 308 ± 10 3.1 
2 120 ± 22 2.4 180 ± 20 1.8 
3 206 ± 18 2. 1 178 ± 20 1.8 
4 238 ± 26 2.4 146 ± 22 1.5 
5 ll6 ± 16 2.3 232 ± 24 2.3 
6 238 ± 22 4.8 358 ± 58 3.6 170 ± 12 1.7 
7 182 ± 16 3.6 254 ± 42 2.5 232 + 20 2.3 
" KeraLotomed skin pieces, O.l-mm thick, moistened with BSS were stored at 4°C up to 7 days after autopsy. 
" Plating density was 5 x lO"/dish for keratinocytes from infant skin; lOG/ dish fTom adul t skin. 
,. Cell number was counted 14 days after plating. 
d The popula tion increase is the final cell number per dish divided by the plating density. 
dose of 5 J / m2 . A similar inhibition of semiconservative DNA 
replication in keratinocytes from adult and infant skin is ob-
served when the cultures are irradiated between 10 J / m2 and 
150 J / m2 (Table III). As discussed below, repair replication 
reaches a maximum level after 50 J / m2 (see Fig 5A) and 
semiconservative DNA synthesis is reduced over 90% at this 
dose. This coincides with the sharp decrease in basal cell 
number from UV-irradiated cul tures; a 66% decrease in the 
basal cell number compared to that of an unirradiated cultUl"e 
is observed 24 Ill" aftel' the irradiation. The basal cell number is 
reduced over 90'lf at UV doses higher than 150 J / m2 (Table 
IV). 
Tim.e Course of DNA R epair 
Keratinocytes derived from either human adult or infant skin 
are able to repair DNA damage by UV inadiation at 254 nm. 
The repair replication response of proliferative keratinocytes 
from the skin of young and old donors during the 24-hr period 
after UV inadiation is shown in Fig 3. No difference in the time 
course of repair replication between keratinocytes from infant 
and adult skin (72- or 90-year-old) is evident fo llowing a UV 
dose of 13 J / m2. The initial rate of rep ail" is rapid in both cases; 
70% of the total amount of repair synthesis has occurred within 
6 hI' after irradiation. No repau' replication is detectable in 
unuTadiated control cells from either adult or infant skin. The 
repau' replication in keratinocytes (from the same donor) at 
proliferative and decay phase was carried out by uTadiating (13 
J / m2) on days 10 and 25 after seeding. DNA rep au' synthesis at 
3, 6, 11, and 24 hr after uTadiation is shown in Fig 4. No 
significant difference in the tin1e COUl"se of DNA repau' repli-
cation for these 2 populations of cells is evident. 
UV Dose Response for R epair Synthesis 
Proliferating keratinocytes from adult and infant skin were 
irradiated with UV doses of 10, 20, 50, 100, 150, or 200 J / m2 at 
254 nm, and the repau' synthesis was determined at 2- and 
24-hr time points. The repau' at 2 hr effectively represents a 
rate determination while that at 24 hr measures extent. DNA 
repair synthesis was expressed as percent of the value obtained 
at 50 J / m2. In keratinocytes from adult skin, the initial rate of 
repau' synthesis increases with UV dose from 0 J / m2 to 50 J / 
m2. A gradual decrease in the rate of repair synthesis at higher 
doses was observed (Fig 5A) . When the cells were allowed to 
undergo repair for 24 hl" after UV irradiation, a pattern similar 
to that for the 2-hr tune point was obtained up to 50 J / m2. 
Possible decreases in DNA repau' synthesis are revealed at 
higher doses. 
The dose response for DNA repair synthesis in keratinocytes 
from infant skin after UV uTadiation yields a sin1ilar pattern to 
that seen for the cells from adult skin. The repair synthesis 
measured at 2 hr increased for doses up to 50 J / m2 and then 
plateaued (Fig 5A) . An increase in repau' meaGUl'ed at 24 hr 
was seen with increasing dose up to 50 J / m2 but repau' synthesis 
then plateaued and dropped at a dose of 200 J / m2 (Fig 5B). 
TABLE III. Extent of semiconseruat':ue DNA replication during the 
24-hour p eriod after UV irradiation in heratinocytes from adlllt and 
infant shin 
DNA replication" 
(% of control) 
o J / m2 10 J / m2 20 J / m' 50.J / m' 100 J / m' 150 J / m' 
Adult 100 70 23 7 1 1 
Infa nt 100 76 25 5 3 
.. "H -Iabeled DNA in semiconservative replication dUJ"ing 24-hr pe-
riod a fter UV irradiation appeared in the heavy fractions (10-18) of 
neutral CsCI gradient (see Fig 1). 
TABLE IV. Effect of UV radiation on lIera /inocyte su.rvival 
UV dose T otal cell number Basal cell nu mber 
(J / m' ) (# X IO- ' / dish) (% control) (# X IO-"/dish) (% control) 
0 298 ± 26 100 134 ± 20 100 
10 238 ± 36 80 108 ± 22 80 
20 188 ± 36 63 74 ± 14 55 
50 160 ± 22 53 46 ± 6 34 
100 90 ± 22 30 18 ± 10 13 
150 92 ± 6 30 10 ± 4 7 
200 86 ± 22 29 10 ± 4 7 
Keratinocytes were derived from adul t skin and plated at lO';/dish. 
Cells were UV irradiated in PBS on dishes with covers removed. Cells 
were supplied with fresh medium immediately, and the numbers of 
ce lls (total and basal) were counted 24 hI' later. 
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FIG 3. Time cOUJ"se of DNA repair replication in cultul"ed human 
keratinocytes derived from adult and infant skin. Cells from newborn 
donor (e) ; cells from 72-yeru'-old donor (_) ; cells from 90-yeru'-0Id 
donor (.a.) . Cell cultUJ"es were UV irradiated at 13 J / m2 during prolif-
erat ive phase, between days 10-14 after seeding. Repair replication was 
determined by allowing the "'C-prelabeled cultures to incorpor~te 
["H]-thymidine for 3, 6, 11, or 24 hI' after irradiation. The denslt.y 
distribut ion of "H and "c was determined by CsCI sedimentation as 
described in the text and illustrated in Fig 1. The ratio of "H to "c was 
calcula ted after alkaline CsCI rebanding of the pru'ental -density peak 
and the vfllues were normalized to the 24-hr value. 
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seeding) (e) and decay phase (25 days after seeding) (0 ). Cultures 
received 13 J / m2 and repair replication was determined as described in 
the text. 
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FIG 5. UV dose response for DNA repair replication in keratinocytes 
from adult and infant skin. "'C-prelabeled cells were allowed to incor-
pora te ["H]-thymidine for 2 hr (A) a nd 24 hr (El a fter UV irrad iation 
a t the doses indicated. Repair replication is expressed as percent of 
value obtained at 50 J / m2. Adu lt (0 ); infant (e) . 
DISCUSSION 
It has been known for some time that keratinocytes require 
a certain minimum seeding. density before the cultul'es can grow 
into confluence [15]. Keratinocytes isolated from infant skin, 
cultivated under the conditions described, easily grow in to 
confluence within 2 weeks at half the seeding density required 
for cells from adult skin. The cell population increased B.B-fold 
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in cells from infant skin when seeded at 5 x 10f'/dish (Table 1). 
In contrast, keratinocytesfrom adult skin at that seeding den-
sity fail to grow into confluence. Morphologically, little differ-
ence is revealed between keratinocytes from infant and adult 
skin when cells are observed in a culture dish under phase 
contrast or in cell suspension on a hemocytometer. However, 
the cultures obtained from infant skin appeared to be more 
compact. This may explain the difference in peak cell 
number/dish (4.4 and 3.0 million cells from infant and adult 
skin, respectively) (Table I) . Keratinocytes from infant skin 
proliferate 2.5 times faster than those from adult skin . These 
striking differences in the growth profiles between keratinocytes 
from donors of different age suggest that this system may be 
useful for further studies on the phenomena of aging and 
cellular senescence. 
In an attempt to correlate DNA damage and repair replica-
tion with skin aging, we have compru'ed some aspects of exci-
sion-repair in keratinocytes isolated from infant and adult skin 
dming the 24 ill: after the cells are exposed to UV radiation. No 
apparent difference in the time course of DNA repair replication 
is evident between cells from young and old donors. Similarly, 
no detectable difference is seen between repair response in cells 
obtained from the same donor at the proliferative stage, where 
cell number is increasing, and in the decay stage, when cell 
number is decreasing. Similar results have been reported by 
Goldstein [23] for cultured normal human skin fibroblasts ob-
tained from donors of different age at similar stages of passage. 
Also Smith and Hanawalt [6] and Painter et al [5] have found 
no significant difference between repair in eru'ly- andlate-pas-
sage WI-3S cells. Thus, both epithelial cells and fibroblasts 
respond to UV -tadiation damage similarly at low doses regru'd-
less of donor age or culture passage number. 
When keratinocytes are exposed to a higher UV dose, up to 
200 J/m2, drastic morphologic changes are observed. The char-
acteristic cuboidal configuration of the control keratinocytes in 
a compact culture transforms into a culture containing numer-
ous empty spaces with larger, Hatter squamous cells loosely 
attached on the surface 24 hr after the irradiation. When the 
UV dose is higher than 150 J /m2, over 90% of the basal cells are 
lost (Table IV). The DNA repair replication, however, remains 
plateaued after 50 J/m2 in keratinocytes [Tom infant skin with 
a 30% drop in repair extent at 200 J/m2. The rate of DNA repair 
synthesis after irradiation remains plateaued up to 200 J/m2. 
The 20% difference in the repair replication between keratino-
cytes from infant and adult skin at 150 J/m2 mayor may not be 
significant. A further investigation of the time course of DNA 
repair replication at t hese high doses should be performed 
before concluding that keratinocytes from young and old donors 
have different repair characteristics. Dose responses in DNA 
repair replication in WI-38 and transformed VA13 cells between 
growing and contluent, early-passage and senescent cells have 
been found to be similar, and repair capacity reaches a plateau 
at about 20 J/m2 [6]. Using pyrimidine dimer removal assay 16 
hI' after UV irradiation, Taichman and Setlow [21] reported 
that the DNA repair capacity plateaus after 40 J /m~ in cultUJ'ed 
human keratinocytes from newborn foreskin growing on 3T3 
feeder layers. These results agree with our findings regru'ding 
the dose response for DNA repair replication in keratinocytes. 
Definitive quantification of repair and absolute comparisons 
between different cell types require the determination of num-
bers of dimers remaining in the DNA in t he respective cultUJ'es 
at different times following the UV irradiation. Such analyses, 
utilizing the T4 endonuclease V as a sensitive probe for cl.imers 
[24] are currently under way. 
The cause of the decrease in cell proliferation in keratinocytes 
from aged donors is not clear. Although the rate of the DNA 
repair-replication response to UV -radiation damage in keratin-
ocytes seems unrelated to age, one cannot rule out the possibil-
ity of an accumulation of UV -induced damage in aged skin after 
chron ic exposure to sunlight. 
It is of some interest that recent reports [25] of the loss of 
Nov. 1982 
pyrimidine dimers from human skin in vivo, utilizing UV en-
donuclease probes, have indicated very rapid removal (50% in 
1 ill') and very little persistence of dimers by 24 hr after UV 
iI"radiation. Such observations must eventually be reconciled 
with the much longer time course reported for cultured cells 
and the possibility must be considered that the in vitro systems 
do not accurately reflect the excision-repair capability of the 
cells in the normal epidermis. 
We wish to acknowledge the assistance of Dr. C. A. Smith with 
design of the repair replication experiments, a nd Marvin Lee for help 
in carrying them out. 
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